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Summary

This project examines Quaternagtivity onthe Puentéills Blind-Thrust Systen{PHT)

to assess earthquake hazards in sout@afifornia (Fig. 1). The PHT generated th&987
Whittier Narrows (N, 6) earthquake, and extends for 40 &lmong strike beneath northern
Los Angeles. Structural analysisasdefined the faulsize, geometric segmentation, and
Quaternary slip distribution. Seismic reflection profiles and boreholes acquired in our
investigationhave defined late Quaternary faultactivity. Ongoing investigations seek to
determine paleo-earthqualkeges and magnitude®ur resultsdocument a significant
earthquake hazard beneath Los Angeles, while provigiagnethods to studplind faults
elsewhere in the world.

High-Resolution Seismic Profiles

In 2001, we processed and interpreted high—resolution seismic reflection profies (acquired in
2000) that image discrete folds in the shallow subsurface above two segments of the Puente Hils
blind-thrust fault system (Pratt et el., 2001). The profies demonstrate late Quaternary activty at
the fault tip, precisely locate the axial surfaces of folds within the upper few tens of meters, and
constrain fold geometry and kinematics. The Santa Fe Springs segment of the Puente Hils fault
zone shows an upward-narrowing kink band with an active antidinal axial surface, consistent with
fault-bend folding above an active thrust ramp (Fig. 2). The Coyote Hils segment shows an active
synclinal axial surface that coinddes with the base of an 8-m-high topographic slope, consistent
with tip-iine folding or the presence of a backthrust (Fig. 3). The seismic profies pinpoint targets
for future geologic work designed to constrain slip rates and ages of past events on this important
fault system.
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Figure 1: Structure contour map of segments of the Puente Hills blind thrust (PHT) showing the
location of the 1987 WhittieNarrows (M, 6) earthquake sequen@daukssonand Jones, 1989;
Shawand Shearer1999). B-B, and C-C mark thetraces of industrgeismic reflection profiles,
andtraces T (Trojan \&y) and C (Carfax) correspond teéhe high-resolution seismic profiles,
shown in Figures 2 and 3. The inset shows the location of the PHT and\b&®4idge (M, 6.7)
earthquake. Qil fields: EC - Eastern Coyote; WC - Western Co$#8; -Santa Fe Springs; MB

- Montebello. Major state and interstate highways are shown for reference.
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Figure 2: Carfax Avenue seismic reflection profies (migrated). The profies show discrete antidind and
synclinal axial surfaces that define an upward-narrowing kink bandat the forelimb of the Santa Fe Springs
antidine above the Puente Hills fault zone. The industry and Mini-Sosie profies are plotted with no
vertical exaggeration, but the hammer profile has a 2x vertical exaggeration. The top of the industry
profile is at sea level, the tops of the highresolution profies are at an elevation of about 27 m (the ground
surface). The horizontd scale on the top of the Mini-Sosie and hammer profiles is the distance fom the
south end of the Mini-Sosie profile. Qt = Quaternary; Tiu = Pliocene upper Fernando Formation; Ti =
Pliocene lower Fernando Formation; Tp = Miocene Puente Formation. Industry data courtesy of Texao,
Inc. Section traces shown in Figure 1.
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Figure 3: Seismic reflection profies acoss the Coyote Hills segment of the Puente Hils thrust fault
(migrated and plotted with no vertical exaggeration). The Mini-Sosie/weight drop profie was acquired
along Trojan Way and the industry seismic profile was aoquired along Valley View Avenue about 1.2 km
to the west. The profies show an upward-narrowing kink band whose synclinal axial surface corresponds
with the base of a topographic slope. Qt = Quaternary; Tiu = Pliocene upper Fernando Formation; T =
Pliocene lower Fernando Formation; Tp = Miocene Puente Formation. Industry deta courtesy of Texao,
Inc. Section traces shown in Figure 1.

The high+esoluton seismic profies demonstrate that folding above the PHT extends into the
shallow sediments (<200 m) as discrete kink bands, consistent with the late Quaternary activity on
the PHT implied by its projection to the hypocenter of the Whittier Narrows earthquake (Shaw
and Shearer, 1999). The shallow fold scarps were not assodated with observable surface
deformation during the 1987 Whitier Narrows (M6.0) earthquake. Thus, their presence suggests
that other earthquakes that involved discrete near-surface folding have occurred on the PHT in the
past. As discussed by Shaw and Shearer (1999), these events may have occurred as individual
ruptures of single fault segmer#sN],,6.5-6.6) or as mult-segment ruptures\,,7.0).

Structural Modeling

We completed a 3-D structural model describing the geometry and Quatsipdrigtory

of the Puentdills blind-thrust system (PHT) usingeismic reflection profiles, petroleum
well data,and preciselyocated seismicity (Shaw el., 2001). The PHT compriseghree,
north-dipping ramp segmentthat are separated bywo major geometric segment
boundaries (Fig. 1). Forelimb growth structures indicate that slip initiatetl ttmee of the

fault segments ithe earlyQuaternary. Based on an analysis of these folds, we produce
Quaternary slip profiles alongach ramp segment. The definglgp patternsmimic the
observed uplift and kink-band widths, and imply that slip is greatestmeaenter of each



segment and decreases toward the segbmmidaries (Fig. 4)Overlapping slip zones at
the segmenboundariesmply that displacement isansferred from one ramp segment to
the next in aren echelomanner, rather than by a discrete tear fault.
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Figure 4: A) Plot ofkink-band widthand structural reliefmeasuredrom depth convertedeismic
profiles across the forelimbthat overlie thePHT. B) Structuralrelief and kink-band width
converted toslip using themethodsdescribed inShaw et al., (2001)and preferred(27°) and
conservative (20 to 40°) fault dip estimates.

AverageQuaternary slip rates adhe rampsegments range frof.44 to 1.7mm/yr, with
preferred rates betwe€n62 to 1.28mm/yr. Using empirical relations amongipturearea,
magnitude, and coseimic displacement, we estimatréhaency of single (Iy16.5 to 6.6)

and multi-segment (lV17.1) rupture scenarios for the PHT to be 400 to 1320 years and 780
to 2,600 years, respectively.
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